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INTRODUCTION
The spread of HIV infection is often associated with geographic factors such as population mobility, accessibility and proximity to high transmission or urban areas, and geographic distribution of There is little current research on HIV prevalence in Africa that has utilized Geographic Information Systems (GIS) technology to its full potential. A recent review of the applications of GIS in public health management and research in Africa found only one study applying a GIS analysis to factors related to HIV prevalence (Tanser and le Seuer 2002) . This study estimated local-level HIV prevalence rates using data obtained from antenatal care providers, and found a correlation between HIV prevalence and proximity of local households to a primary or secondary road (Tanser et al. 2000) . Another study used In Kenya, the sentinel prevalence estimates are drawn from pregnant women and people with sexually transmitted illnesses (STIs). Data from samples of pregnant women have been shown to be a good proxy for prevalence in the overall population of women and men (WHO and UNAIDS 2000), however, there are known limitations. The sample does not include men, women who do not attend antenatal care are not included, and pregnant women are at higher risk of HIV infection. Additionally, HIV is known to reduce fertility, and knowledge of HIV status may reduce a woman's fertility choices. The sentinel samples cannot be used to estimate regional prevalence of HIV, although site-specific prevalence levels indicate that there are wide geographic differences in the country. Moreover, in sentinel surveillance little information is collected on the individual women, which limits further analysis of the data to understand the determinants of HIV infection. The DHS estimates are not directly comparable to the sentinel estimates because of differing data collection methodologies (Boerma, One-half of the sample households were randomly selected to include interviews with men. In these households, a total of 4,303 women age 15-49 and 4,183 men age 15-54 were identified as eligible for individual interviews and for HIV testing. Of the eligible women and men, HIV tests were conducted for 76 percent of women and 70 percent of men. A few drops of capillary blood were collected on filter paper from a finger prick from respondents who voluntarily consented to the blood draw. The blood spots were subsequently dried and transported to a medical laboratory where they were tested for HIV. The HIV test results for individual males and females were anonymously linked to their information in the individual and household questionnaires. Parallel teams of mobile VCT counselors provided counseling and testing for the respondents and others in the community who wanted to know their HIV status, based on separate tests. The analysis presented in this study is based on 3,273 women age 15-49 and 2,917 men age 15-54 who were interviewed and tested for HIV in the survey.
DATA AND METHODS

Data
The survey collected detailed information on marriage, fertility, family planning, sexual activity, nutritional status of women and young children, maternal and child health, and awareness and behavior regarding HIV/AIDS and STDs. From these data we constructed a number of social, demographic, and behavioral indicators that are likely to be associated with the risk of HIV infection. These variables include: age, education, household wealth index, urban/rural residence, geographic region, marital union, childbirth in the last five years (women only), work status, media exposure, ethnicity, religion, circumcision, STI or STI symptoms in the last 12 months, alcohol use, cigarette smoking, age at first sex, number of sex partners in the last 12 months, condom use at last sex in the last 12 months, paid for sex (men only) or exchanged money, gifts, or favors for sex (women only), higher risk sex in the last 12 months (sex with a non-marital, non-cohabiting partner), perceived risk of getting AIDS, willingness to care for a family member with AIDS, number of times slept away in the last 12 months (men only), away for more than one month in last 12 months (men only), and participation in household decision-making (women only). For definitions of these indicators, see Table 1 .
The survey also collected spatial coordinates of the communities where survey respondents lived. Using the latitude and longitude coordinates of the DHS communities, a series of geographic variables were constructed in a GIS environment with ESRI ArcMap 9. A description of these geographic variables is provided in footnotes to Table 1 . Overlaying the community points on the population density surface (Nelson 2004 ) provided the estimated average population density within 10 kilometers of each community. The distance from the community to the nearest major road in kilometers was generated.
Distance to the coast of Lake Victoria in eastern Kenya was calculated for each community. The lake and road distance are measures of proximity to trade and migratory routes.
These spatial indicators, along with the social, demographic, and behavioral indicators listed above were then used in a multivariate logistic regression model to predict HIV prevalence among women and men who were interviewed and tested in the survey. Because of the sharp differences in HIV prevalence and associated risk behaviors between women and men, we estimated separate models for women age 15-49, men age 15-54, and for a combined group of women and men age 15-49. The models were estimated using the STATA statistical software (Stata Corporation 2003).
The predicted HIV prevalence was aggregated to the community level and plotted according to the latitude/longitude coordinates of the community. The inverse distance weighting (IDW) method was used to interpolate the prevalence levels across Kenya using ArcMap 9 Spatial Analyst. IDW is a method that uses surrounding measurements to predict values for unmeasured locations. In this procedure, values closest to the prediction location have greater influence on the interpolated values than those farther away.
For each predicted value, a minimum of 2 and a maximum of 12 surrounding points were used to predict the value. The result is the smoothed surface of predicted HIV prevalence which takes into account various spatial, social, demographic, and behavioral factors included in the models. Prevalence estimates for men and women were modeled and mapped separately. Table 1 shows the distribution of women and men tested for HIV in the survey by selected spatial, demographic, socioeconomic, and behavioral characteristics included in the analysis to predict HIV prevalence. Number of respondents 9 3,273 2,917 5,996 1 The Wealth Index measures a household's relative economic status based largely on household ownership of durable assets. For details on the methodology of calculating the index, see Rutstein and Johnson (2004) . 2 Media sources include newspaper, television, and radio. Regular exposure to a media source is defined as exposure at least once a week. 3 Other category includes Embu, Kisii, Maasai, Meru, Mijikenda/Swahili, Somali, Taita/Taveta, Turkana, Kuria, and others. 4 Higher risk sex is defined as sex with a nonmarital, noncohabiting partner. 5 Mother's participation in decision-making includes decisions made by herself only, jointly with her husband, or jointly with someone else. Four household decisions are considered here: own health care, large household purchases, daily household purchases, and visits to family and relatives. 6 Distance to nearest major road, in kilometers. Distances estimated using roads data from the Digital Chart of the World (NIMA 1997). 7 Distance to Lake Victoria coastline, in kilometers. Distances estimated using lake boundaries from the ESRI world basemap (ESRI 2004). 8 Estimated average population density, 2000 within 10 km of the sample cluster. Density estimated using UNEP/GRID density data (Nelson 2004 ). 9 Number of respondents varies slightly for individual variables depending on the number of missing cases.
RESULTS
Sample distribution of adults tested for HIV
HIV prevalence and its correlates
The survey found that 6.7 percent of Kenyan adults (age 15-49) are infected with HIV. Prevalence of HIV among women age 15-49 is nearly 9 percent, while for men age 15-54 it is under 5 percent (Table   2 ). Map 1 shows a regional distribution of HIV prevalence for the total adult population across Kenya.
Regional level HIV estimates from the DHS show clear differences across provinces, with the Nyanza province exhibiting the highest level of HIV infection and the North Eastern province exhibiting the lowest level. Separate maps for women and men exhibit a similar geographic pattern (Map2), with HIV prevalence rising from a very low level in the North Eastern province to a very high level in the Nyanza province in the west. In all regions, women have a substantially higher prevalence of HIV than men.
Map 1. Estimated HIV prevalence by region, all adults (age 15-49), Kenya 2003
Source data: Kenya DHS 2003 Map 2. Estimated HIV prevalence by region, women (age 15-49) and men (age 15-54), Kenya 2003 For both women and men, there is an inverted U-Shaped relationship between age and HIV prevalence (Table 2 ). Young women in Kenya are particularly vulnerable to HIV infection compared with young men. HIV prevalence is higher among urban, more educated, and working adults. Household wealth status is also positively associated with HIV prevalence in both women and men. Muslim adults have a much lower prevalence of HIV than those from other religions. Among the ethnic groups, the Luo community stands out as having the highest prevalence.
Women and men in polygamous unions and those who are widowed, divorced, or separated have higher HIV prevalence than men and women who are in monogamous unions or those who have never been married. Circumcised men have a much lower prevalence of HIV than uncircumcised men. Women and men who reported having a sexually transmitted infection (STI) or STI symptoms in the past 12 months have considerably higher rates of HIV infection than other adults. Women and men who reported having two or more sex partners, those who reported engaging in higher-risk sex, and those who reported not using a condom at last sex in the past 12 months also have considerably higher HIV prevalence than other adults. For women, having a child in the past five years and participation in household decision-making, and for men, paid sex in the past 12 months are associated with higher HIV prevalence. For variable definitions, see Table 1 .
As expected, women and men living closer to a major road are more likely to be HIV infected than those living farther away. Distance to Lake Victoria is also negatively associated with HIV prevalence, with higher prevalence among those living closer to the lake and lower prevalence among those living farther away from the lake. Also as expected, HIV prevalence is higher among women and men living in more densely populated areas. Table 3 shows the adjusted effects of the characteristics used to predict HIV prevalence separately for women, men, and for the total adult population (women and men combined). Adjusted effect for a given predictor variable controls for the effects of all other covariates included in the table. For the combined sample, with other factors controlled, age, sex, education, wealth index, geographic region, marital status, ethnicity, and alcohol use within past month are statistically significant predictors of HIV prevalence.
Adjusted effects of characteristics used in predicting HIV prevalence
Because of the high correlation between ethnicity and circumcision, the latter was omitted from the final model. Controlling for other factors, Luos are significantly more likely to be HIV positive than other ethnic groups. This relationship holds true for men and women modeled separately, and in the combined model.
In separate analyses for women and men, the adjusted effects of wealth index, alcohol use, and educational attainment are statistically significant only for women; and the effects of media exposure and age at first sex are significant only for men. Moreover, the effect of living in the Nyanza province relative to the Central province is much stronger for men. Consistent with the inverted U-shaped relationship between age and HIV prevalence discussed above, the adjusted odds of HIV infection are higher in the 25-39 age range than at younger and older ages. Also, consistent with relatively younger ages at infection in women, the adjusted odds of HIV infection peak at age 25-29 for women and at age 35-39 for men. Adults with some primary education have significantly higher risk of HIV than illiterate adults and those with no education. A similar pattern is also observed separately for women, but the effects of education are not statistically significant in the separate model for men. With other factors controlled, household wealth status is a significant predictor of HIV status for the combined sample and separately for women, but not for men. Rural residence is negatively associated with the risk of HIV infection.
Widowed, divorced, and separated women and men are at a much greater risk of HIV infection, independent of other factors included in the models. Adults in polygamous unions are also at a higher risk, but this effect is not statistically significant separately for women and men. Men who are regularly exposed to two or more media sources are at a significantly higher risk of HIV infection, but such exposure to mass media has no adjusted effect on the risk of HIV infection in women. With other factors controlled, Luo ethnicity remains strongly positively associated with the risk of HIV infection in both women and men. Muslim women are at a significantly lower risk of HIV infection than other women.
Men willing to care for a family member with AIDS are significantly more likely to be HIV infected.
After controlling for other factors, none of the spatial variables are significantly associated with HIV prevalence.
Spatial mapping of predicted HIV prevalence
The predicted prevalence estimates for women, men, and the total adult population were aggregated to simple averages at the community-or sample cluster-level. Using the IDW method described above, HIV prevalence was predicted for areas not measured in the survey, in order to produce a smoothed map of HIV prevalence, as shown for the total adult population in Map 3. Among the 153 ART sites, 100 are located in areas of 5 to 10 percent HIV prevalence (Table 4a ). In the areas of greater than 10 percent prevalence, the total number of ART sites is only 18. Looking at the ratio of ART sites per 100,000 HIV-positive adults, a disproportionate number of facilities is evident in the areas where HIV prevalence is below 10 percent. Areas with over 10 percent prevalence have relatively few ART sites per 100,000 HIV-positive adults.
Like the ART coverage, the VCT coverage per 100,000 HIV-positive adults is also much lower in areas with HIV prevalence above 10 percent. When we look at all HIV-related facilities (ART, VCT, and PMTCT) together, a similar pattern of service availability relative to the number of HIV-infected adults is observed. This pattern is not surprising; given that the low prevalence areas cover a much larger geographic area of the country, so more facilities are needed to reach sparsely-populated areas. When the ratio of HIV-related services HIV-positive adults is considered, again the areas with greater concentration of HIV-infected adults have fewer facilities per capita. Although these areas are geographically small and densely populated, the ratio of facilities to HIV-positive persons in these high-prevalence areas is much lower than in other areas. Prevalence among women is higher as compared to men, thus the distribution is slightly different when men are excluded. The areas of highest prevalence cover a relatively larger geographic area. The estimated number of HIV-positive women is almost the same for areas above 10 percent as those for areas between 5 and 10 percent, yet the geographic area of high prevalence is substantially smaller. The PMTCT sites are concentrated in areas of 5 to 10 percent prevalence, followed by the areas with 10 to 15 percent prevalence. The ratio of PMTCT sites to HIV-positive women shows a disproportionate concentration of sites in the lower-prevalence areas, particularly in the 2 to 5 percent prevalence areas.
Geographically, the lower-prevalence areas are quite large, which suggests that the sites may be quite far apart.
Map 8. Predicted HIV prevalence among women (age 15-49) and distribution of facilities offering PMTCT services, Kenya 2003
A comparison of all services against the distribution of HIV-positive women presents a slightly different picture than that for all HIV-positive adults (Table 4b ). The bulk of the sites are in areas of 5 to 15 percent prevalence. When comparing the number of sites per 100,000 HIV-positive women, the distribution shows that areas of low prevalence, 2 to 5 percent, have the highest ratio of sites to the affected population. The ratio drops as the prevalence increases.
DISCUSSION
This study demonstrates the value of using predictions of HIV prevalence to model the spatial distribution of HIV in Kenya. The study finds large sub-regional variations in the prevalence of HIV in Kenya. The results allow for the exploration of sub-regional concentrations of high and low prevalence. While the surface estimates cannot provide district-level (or other small area) HIV prevalence estimates, they can provide sub-regional information that is useful for planning and programmatic interventions.
The study also demonstrates how these results can be combined with other data on HIV services in order to assess health service coverage in high and low HIV prevalence areas. The estimation of the numbers of HIV-infected people at the sub-regional level can also be used for examining the availability of health services in relation to the geographic distribution of HIV-infected people. The results of this study suggest that in Kenya areas of high concentration of HIV-infected people have a disproportionately low density of HIV-related services.
Areas where HIV prevalence is less than 10 percent contain more than half of the estimated number of HIV-positive adult population in Kenya. Geographically, these areas comprise over three-quarters of the modeled area. Most of the facility-based HIV services are located in these areas. However, about 30 percent of the estimated HIV-positive adult population is located in areas where HIV prevalence is above 10 percent. These areas are geographically small, and fall in and around urbanized areas in the country.
The number of facility-related services per 100,000 HIV-positive adults is much smaller in these areas.
While we might expect that facilities in densely-populated areas may have the capacity to serve more clients, there is no empirical data available to assess that assertion. In the case of ART services, most of the facilities providing this service are hospitals. We expect there to be variation in the capacity and 
